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© A pt: 
tumors 



which have an 



product for the treatment of human 
bete-(i -3>-gkjcan ten&nan and, for subse- 
n. anfi-tumor rronoctonal anflbodtes which 
on the surface of human tumor oafls and 
isotype selected torn igQ2a and JgG3. 
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The Invention described herein was made En the course 
oT work under a grant or award from the Department of 



DESCRIPTION OF THE FIGURES 



Technical Refd 



The present invention is directed to a therape ut ic meth- 
od for treating human tumors. More specxQcaly, the present 
invention is directed to a method of treating human tumors 
with monoctonai antibodies in combciation with tenfihan. 



B acfcfl round of ins Invention 



tn previous studies it has been shown that murine 
m onoclo nal anfi fxx fes (MAb) of tgG2a isotype that bind to 
human tumor eels specifically inhibit growth of the tumor 
cans in nude mice. Recently, a Mab of lgG3 isotype has 
also been shown to be effective. Hertyn et aL, 0980) 
Cancer Res. $££717-721; Hertyn & Koprowski, C1982) 
Proc. Nam. Ac**?, ^ys/, Z&4761-4765. There was 
evidence suggesting that tumor growth inhibition by the 
MAb probabfy was mediated by macrophages since treat- 
of nude mice with sSca abolished the tumcficsda! 
of the MAb.' . Furthermore, anfirxxfyKfependent 
rr Bcro phage media te d cytotoxicity (ADMC) assays wBh hu- 
man tumor celts in culture resulted fin ^ppyffif? lysis of these 
ceQs. ThiogrycoOate-eficrfed murine peritoneal macrophages 
I in these assays. Human macro p h ages have also 
to tyse tumor targets coated with MAb. 
t aL, (1983) Soenoe2l 1: 885-557. Macro- 
phages, therefore, are strongly irnpficated as the effector 
cefls mediating immurctJierapeutjc effects of, tor example, 
MAb administered to gastrointestinal cancer patients. See. 

Koonowsfa- in Prcoeed?nos of the IV Arrnand Hammer 
Cancer Svniwstum. pp. 17-38 (Boxx. Lanpman. Trowbridge 
& DuJbecco eds. 1984); Sears et aL. (1984) J. Blot Re- 
soonsa Mod. 9=138-ihcl 

SUMMARY OF THE W^BSTTION 

ft is an object of toe present irrvenfion to provide a 
method of tumor therapy. 

Another object of toe present invention is to provide a 
method of tumor therapy employing MAbs in which toe 
therapeutic effects of toe MAbs are enhanced. 

Yet another object of toe present invention is to pro- 
vide a method of tumor therapy in which toe therapeutic 
effect of MAbs is enhanced by toe stimulation of macro- 



objects of toe 
method for 



These and other 
achieved by a 
prising: 



admtobtefto n to a tumor-bearing patient JHI-S&ucan terv 
trhan in an amount sufficient to stimulate macrophage activ- 
ity; and 

ertrrrinfstering to sad patient antHurnor monoclonal anti- 
bodies after said tentinan administration, said rnonrxtonaj 
a nt i b odies having an isotype selected ton toe group con- 
I of lgG2a and JgG3, end binding an enfigen on toe 
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Figure 1 shows toe effect of various lentinan dosagas on 
ADMC reactivity of murine peritoneal macrophages agatost 
carc i noma SW1116 target eels, in the presen c e of toG2a 
enS-coton c an ano ma MAb. Curve A is at an effector to 
target cefl ratio of 50; curve B Is at an effector to target 
ratio of 10. 

Figure 2 shows toe kinetics of rrtacmphage stimulation by 
fentinan. Macrophages were coBected al various tirres after 
adminfelrafion of tentinan to mice and assayed tor ADMC 
reactivity wflh SW1116 target cefls in toe presence of anfi- 
catan caranorna MAb(o) (curve C). Minimal lysis was ob- 
tained in toe presence of control i 
(o) (curve O). 

Figure 3 presents a comparison of toe ADMC reactivity of 
ferrfinart-sSrnufated macrop ha g e s (soBd Ones on Figure) to 
thkxjlycottate-stirnuteted ma crophages (dashed lines on Fig- 
ure) in (vsing melanoma target cells O, or colon 1 
cefls (•), in toe presence of speeffic MAbs. 



DETAILED DESCRIPTION OF THE fNVENTOON 

It has been discovered that toe stimulation of macro- 
phages tnvfvo wnh «l^3)gkjcan tentinan (hereinafter fen- 
tinan) renders them cytotoxic egatost tomor cefls jj vitro, in 
the presence of antHurnor moroclonal aritibodfes of perfc^ 
ter botypes (Table 1). 

Generafly, the therapeutic method of toe present inven- 
tion comprises tost administering tentinan to a tohior-bearing 
patient to stimulate ma c ropha g e s, and than admnstenng 
anti-tumor MAbs to toe patient Lentinan is a neutral popy- 
aa cc ha i de whose physical and chemical properties are tofly 
d iara c terhed . Briefly, it is isolated torn a hot water extract 
from the tuft body of Lenfinus edpdesfB ark.1 Sing. The 
chemical stojcture of tentinan is reported to be a /J-1;3~ 
gtecan, with an average molecular weigtt dotoouted in toe 
between 4 X 10 s and 8 X 10 s cartons by gel 
~~ i chromatography. According to elementary ana- 
lysis, the tnotecutar formula of lentinan is (C^HjO^. See 
oenerafly. Chtoara & TaguchL (1982) Rev. fmmunoL Im- 

The use of tentinan as a macrophage potentiator has 
been found to be preferred to other possfete p ote ntiators 
because ft is a relatively safe compound to a dminister to 
patients. Furthermore, ft is more effective than thtoufytxitete. 
Other agents, such as BCO and a pervurn. do not activate 
rnacropharjestrxtungrceB 

The effectiveness of the therapeutic regimen of toe 
present invention is dependent upon toe timing end dosages 
of lentinan to the patient Animal sturJes nficate that there 
is an optimal dose of lentinan with higher dosee resutfing fe 
a decrease in macrophage activation. Otoer arwiial stodfes 
rov e indicate d that toe timing of tentinan a r to ^W atiaBo n is 
an important factor b earing upon the effectiveness of the 
therapy. General/, optimal macrophage acti vation was ob- 
served tram about 3 tn about 5 days fotowing the adrron- 
strafion of tentinan. These time periods are based upon 
results of animal studies end may be varied som ew hat as 
additional clinical data on humans is avaSabte. One stifled 
h the art, however, being aware that there is an optimal 
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dosage and that friers are tinting efforts in animal studies 

Will hr> pWn «n n daHWi an «w«Uj *g X5S CT^ ST* — 

tenfircm aomrnistrafion tor human patients through routine 
cOrucat trials. 

After a m ao ropt ia g B -sflmulafirq quantity of lentinan has 
been administered tp a patient, antHunar MAbs are arimto- 
tetered to the patient; antbodies trot bind an antigen on 
ttearface of the patient's tumor ceOs. Deskeably, the 
antibodies are administered at about the time that macro- 
phage activation reaches a maximum, that is about 3 to 
about 5 days after tentinan activation The MAfas should be 
of fcotype »gG2a or lgG3, and preferably of isotype tgG2a. 
Macrophages stimulated by tentinan were not found to be 
cytotoxic tor tumor cefls coated with MAbs off isotype 
*9S2b. IgM. or IgA. Preferably, the MAbs are human 
MAbs. 

The preparation of MAbs tor immortal cefl fries are 
well known in the art For example, immort al , antibody- 
producing eel Gnes can be produced from normal B cefls by 
hybrtooma technology, Epstein-Ban- vims transformation, or 
tra n stoiii iaUo n with oncgente DMA. See ao- M Schreferet 
eL* Hvbridoma, TflchfltajBsXOcto Spring Harbor Laboratory 
I^J^r 1 ?!!^? ^r **™*™! AntihodiBs and T-C^ 
HYy wpjitajf ( Elsevier Biomedical Press 1981); Kermett. et 

Monoctonal Antihnrfi^ (pfenum Press 1380); Kozbor et 
f- < 1982 > Eroc Natl Acad. Set USA 7£*>651-6655; 
Jon** et aL, (1983) tfybrfoma, 2:124; Mornxdonnl Arrft. 
bocPes and Rmrinnri r^» ff (Kermett. Becfctoi & 

McKaam eda 1983); Kozbor et at, (1983) rrmrnmotoov 
ISS2X. 4:72-79. The type of immortai cell Gne from which 
the MAbs are produced is not critical. 

Those that are skilled in the art are farnSar with the use 
of MAbs in tumor therapy and the estabfishrnent of optimal 
dosages through routine ctinteal trials is weD wiflwi the skill 

f^i^ ^S*J?T?*f' -JjPy Papons* Mnr) 
3:138-150 (1984). The exarnpfes betow in mouse models 
win aid those slated in the art in establishing optimum 
eflecfive dosages and in timing dosages tor both tentinan 
and anti-tumor MAbs in the treatmem of human patients. 

PhamTaceufical products are contemp late d to carry out 
the anti-tumor therapy of the present invention. Such pro- 
ducts comprise the two co mp on ents, tentinan and antNumor 
monoctonaJ entibodfea The components shouti be kept 
separatefy, but may be packaged and sold as a kit or 
"Svklualy. The tentinan can be packaged to ryophSzed 
form. The monoclonal antibodies can be packaged In a 
^^£^1^°0^5^. «ch as prrysirjbrjteal safine. 
and shoukJ be kept frozen. 

The ryophSzed tentinan can be reconstituted into Ootid 
torm by dissolving in a suitable exctotent such as sterile 
water, tess than two weeks before intended use. Once 
recrjnstftuted, the tentinan solution should be kept refriger- 
ated and in tire dark, as It is Gght sensitive. 

Suitable phannaceufical exopients far admi ni stra ti on to 
human patients are wel known ki the art Trie choice of an 
appoprtate exctotent is wen w«hw the sfcg of the dtoician or 
pharmacrsL 

A suitable amount of the pharmaceutical product tor a 
srngte dosage adnwtistration is between about OS and 3^ 
mg of bela-(i-3)-0kjcan tentinan and between about 100 
and 500 mg of antNumor monoclonal antibodBas. 

Although applicants do not wish to be bound by this 
theory, it is believed mat tentinan indirectly enhances anti- 
urrrrar cytotoxic effects of rnacrophages by direct activation 
of the attemate pathway of the corrrrjtemem system and/or 



by stimulating helper T-cefls. The posstote T-col depen- 
uwicy is suppon ea py me tenure to find erihancing effects 
h atiTymic nice Implanted with human tumors and treated 
with MAb. 

5 The totowtog examples are pres ente d tor fitostrafive 

fterposes only and are not intended to irr* the scope of the 



MATERIALS AND METHODS 



Human Tumor Gel Lines 

Melanoma cefl fine WM-9, colorectal carcinoma eel 
75 "» SW1118 and pancre a tic car ci noma cefl Kne Capan 
have been desc rib ed. See Heriyn et aL, (1983) Cancer 
JayesJi 1215-224; Koorowskj et aL, (1979) Somat Cefl. 
QSDSk £957-971; Steptewski et aL, (1979) Eur. J. mv 
GMSL.&94-06. 

zo 

Murine MAbs 

The MAbs retorted in this study are fisted in Table 1. 
They were produced against co torectal carcinomas, 
25 melanomas and pancreatic cananomas and have been de- 
sotoedto ctetal previously. §ee. Hansson et aL, (1983) ± 
pioL Qhern, 2^4090-4097; Heriyn et aL. (1983) j 
Koprowski et aL, 0979), j 



so Murine Macrophages 

^ Preparation of thtoe^ycoflate-efcited CBA ma crop hage s 
adherent to wets of rrtcrotiter plates has been rfescribed. 
Lenttoarwictivated macrophages were obtained from 6-to 
35 i^wee^ott IMA mtoe by intraperitoneal (Lp.) Section of 
2-5 mgykg body weight (BW) of tentinan (Ajrhomoto Co. 
Tokyo, Japan) unless otherwise stated. Macrophages were 
Co8ected etv ^ h ° us then9efter and plated as described 
tor thkxj IycoiBte-eficited maauuliayes. £gfi Heriyn and 

SE"^ 9850 *ss^m^sasL3sa US& Z2*76i- 

4763. Thiogrycotete and lentiran^tirnUated adherent peri- 
toneal cote consisted of 94% and 85% (mean of 3 experi- 
ments) macfcphages, respectively, as rJetermfoed by tetex 
prtagocytosrs and non-epeewe esterase starting. Bartz- 
45 hlitutescu & Fcerster, (1979) Irrwrrurwloriv 3fi«21-630; Tur> 
ker et aL (1977) Journal of Immurtttogical Methods 34 • 
j^^Tr^^ 

pnoiogicafly resembled fibroblasts and were non-prtagocytic 

50 

ADMC t 



The ADMC essay wrtii tniethyl- s H]thymidtoe-labeted 
let eels was performed as described. §ga Heriyn & 
KoprowsW (1982), suora. Al ADMC values given are cor- 
rected for percent lysis obtened in the presence of anti- 
vrfluenza virus control MAb. 



TOGft^axtete-or lerifinan-actrvated macropnages was deter- 
mined by adding to the adherent macrophages either var- 
sous amounts of p*|] MAb or constant amounts of 
65 MAb mooed with increasing amounts of unlabeled MAb as 
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> #*t Pi— tt<¥T*Z\ .1 Fw W«H - cow 

slants of MAb binding and maximal 
number of binding sites per macrophage we 
by flie method of Scafchard. 

Analysis 



Data were anafyzed using the Student's t-$esL A prob- 
abffiy of less than S« (p less than O05) was considered 
sjgngfcant 



RESULTS 



1A 



of Venous Lenfinan Dosages on ADMC by MAb 17- 



Bctween CL25 and 5 mg tentinan per kg we 
istered to mice I04 ADMC reacfivfly of p^« ^ ^^ a l macro- 
phages against cotaractal carcinoma cess SW-me coaled 
with MAb 17-1 A was essayed 3 days later at two efferent 
etfector-to-taroet (E:T) eel ratios. As can be seen from Ffc. 
- the ADMC levels were highest when tenfinan was used 



at 2^ mg*g BW, and E:T ceH ratio was 50. Whereas 
ADMC values increased over the entire dosage range at 
the lower ET cefl ratio of 10, ttese values were sfcnffi- 
canfly (p less than OJQS) tower than those obtained at an 
E:T cefl ratio of SO. Therefore, tn the ADMC assays de- 
scribed beta* riBcrophages were sfirnutated by fojecfion of 
as mg lenfinan per kg BW and EfT cefl ratios of SO were 
used. I nc reas ing the ET cefl ratios above SO did not result 
in higher ADMC values. Non-sfimufafcd (resident) macro- 
phages catised only 20% and 0% lysis in the presence of 
MAb 17-1A at HT cefl ratios of 50 and 10, respecfivefy. 



TO 



20 



• — - — - — < »*. mmamv^wk^c wwiMimm uy utatuiunj 

Peritoneal rnacrophages were assayed for ADMC rr> 
ecfiv fly. 3, 5 , 8 and 11 days following up. injection of ZJ5 
mg tenfinan per kg BW. As can be seen turn Rg. 2. 
ADMC acfivfty of rnacrophages in the presence of specSc 
MAb was highest 5 days Allowing injection of tenfinan. 
whereas values obtained in presence of control MAb did 
not dffler on the venous days tested. The increase to the 
percentage of non-ohagocyflc cefls in the macrophage prep- 
arations torn day 5 after file injection of lenfinan mfcht 
account for me decrease to macropha g e acfivfly with time. 
Therefore, macrophages were generally collected 3-5 days 
to fl o wi ny the injection of tentinan. 

of Lenfinan and ThiogrycafiHle-Stinuiated 
in ADMC 



Comparison 



ADMC reactivity of ienfinan-stirnuialed ma crophage s 
was compare d wflh «ie reactivity of Ihtoghrnllmn nft nuij 
macrophages which have been used by us previously to 
dem o i tttiate ADMC-reacfivfly of lgG2A MAbs. See. Heriyn 
& Koprowsfa" (1982). Sffl©, Lcnfiron-aetrvatad macro- 
phages showed higher lytic activities against cofon carctoo- 
mas or melanomas coated with lgG2a MAbs as compared 
to thfogiycoaate-eficiled macrophag e s {Fig. 3). These differ- 
ences were significant (p less than O05) at el E.T cefl 
raSos tested. 

Conipanson of MAbs of Various tsotypes to ADMC Assays 
wflh Lan&nan-Stimufated Macroohaaes 



ADMC-reactivities of MAbs produced agatost various 
human tumors end representing 6 dfflerent tsotypes are 
presented to Table L Lerrfinavacfivated rnacn-phages were 
used as effector cefis. In these essays, efl the ^ 
JgG3 MAbs end some of the IgGI MAbs wa« ™. 
- — s lgG2b, toA and foM MAbs were non-reactive. 
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MAbs of Various Isotypes In ADMC 
with Lent inan-Stfm uiated Macropfaases 



MAB 



Target 



Isotype 



Code 



Originl/ 



Code 



% Specific 
lysls2/ 



Lentinan- . 
macrophages 



IgGl 


ME8211 
ME7771 
MES29 
19-9 


MEL 
MEL . 
MEL 
CRC 


WM-9 
WM-9 
SW1116 


0 
0 

12.5 
60.2 


IgG2a 


17-1A 
ME377 
ME5073 
ME121 


CRC 
MEL 
MEL 
MEL 


SW1116 
WM~ 9 
WM*~9 
WM— 9 


79.4 
69.8 
42.4 
24.6 


IgG2b 


ME3174 
ME7965 


MEL 
MEL 


WM*"^ 
WM— 9 


0 
0 


IgG3 


PC2111 
PC2195 


PC 
PC 


Capan 
Capan 


34.0 
15.4 


IgM 


38a 
MH919 


CRC 
MEL 


SW1116 
WM— 9 


0 
0 


IgA 


PC8352 


PC 


Capan 


0 



J5S2I > -Jt? r *"?S t means of determinations in two 

tadependently performed experiments. E:T cell ratios were 50. 

J^IJ^ff "W^ 8 ^ 0 ? 1 ^ * °* 05) from values 
obtained with anti-influenza virus MAb. Values that <fid not dif- 
fer from controls were designated zero. 



Scalchard Analysts of MAb Binding to Murine Macrophages 65 

Lentinan^and thtogfycoSato-stimutated macrophages 
bound and ae x 10 4 motecutes of MAb 17-1 A per 
rtMoophaae, respectively. These values old not dffler sig- 
ntficanOy (p less than 0.05). The j»«nrLiifcn constants were 60 
02 x icy mole - far both types of macrophages. 

Since variations wfl be apparent to those sidled in the 
art, It is intended that this invention be Orated only by the 
scope of the appended claims. 



i. A pharmaceutical product tor the treatment of human 
turnore compeAy beta -<l-3>-glucan tentinan and. for sub- 
n sequent admi nistaflo n, anti-tumor mo n o c l on al antdxxfies 
which bind an antigen on the surface of human tumor ceOs 
- end which have an isotype selected from lgG2a and fgGa 

flA singte dose 01 Product of dam 1 comprising 
between about OS and 2J5 mg of beta-fi-3Hjfucan fentinan 
31X1 b8tWeen ,.^ X y 100 «» mg of said anti-tumor 



3. A priannaceuticaf cornposfflon comprisino beta-<1-3)- 
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phage ecfivfiy tar arirrtrfetrafi an to a tumor-bearing patient 
subsequen tly to be treated with ami-tumor mo n oclo na l any- 
bodies binding en antigen an the surface of said patents 
tumor cefls and haying an Esotype selected from lgG2aand 
IgGa 

4^ A pharmace ut ica l composition for ad mini stration tj a 
turner-bearing patient comprishg en arrS-tumor monoclonal 
anfibody binding an antigen on the surface of saW paSsnfs 
tumor celb and having an isotype setected lgQ2a and lgG3 , 
when said pafient has previously been treated with beta-(l- 
3}-gJucan lenfinan in an amount sufficient to s&nulate 
rnacrophaoo ecfivfly. 

5. A method of preparing a pharmaceutical composffion for 
beatment of tumor-bearing patients co mprising ihe steps ofc 



» «-» hn*-u*1-OUA« 



preparing and freezing a sofufbn containing anti-tumor men- 
jen on Hie surface of said 
_ an isotype flpfcyfry from 
fgG2a and lgG3 fri an apuc o ucialB physbfagcal buffer. 



& "n» Pf arn w nR>,fral Proouct or oornposffion according to 
any of claims 1-5 fei which the ardHurnor m o n o c l onal arfr 
bodes have the isotype (gG2a. 



7. The pftannacaufical product or composition ec co n& q to 
any of claims 1. 2 and 3 in which the betaHi^HJfcjcan 
tenfinan Is tor admtafetration 3-5 davs prior to admWsttafibn 
of the anti-tumor monoclonal t 
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